Idiopathic membranous nephropathy (IMN) is a Th2 nephritogenic immune disorder. It is caused by the accumulation of immune complexes, mainly IgG4, at the basal glomerular membrane that leads to the damage of the glomerular barrier and subsequent injury of podocytes. Our aim was to evaluate the relationship between cytokine polymorphisms and IMN. We investigated the cytokine polymorphisms in forty-five patients and one hundred twenty-four healthy individuals, using polymerase chain reaction-sequence specific primers (PCR-SSP). We showed a significant increase in allelic frequencies of the alleles -590T and -33T of IL-4 gene and -308A of TNF-α gene, in IMN patients. In addition, we observed an increased frequency of allele -1082G in IL-10 gene in a subgroup of patients with CD4/CD8 ratio major than 2, when compared either to control subjects or the subgroup of patients with CD4/CD8 ratio minor than 2. Moreover, analyzing the Th1/Th2 cytokines in serum and urine, we found increased levels of IL-4 in serum and IL-5 in urine of patients. We deduce that the alleles -590T and -33T of IL-4 and -308A of TNF-α may be associated with IMN. In addition, in patients with increased T helper lymphocytes, IL-10 -1082G polymorphism can also play a role in the pathogenesis of the disease. These findings remark the role of Th2 immune response and suggest the association between polymorphic variants of IL-4, IL-10 and TNF-α genes with the development of IMN and therefore giving a better insight in pathogenesis of this disease.
Introduction
Idiopathic membranous nephropathy (IMN) is a rare immune disease and also the most common cause of nephrotic syndrome in adults. It is caused by the accumulation of immune complexes in the basal glomerular membrane, which in turn damages the podocytes through complement-dependent processes. The major role of podocytes is to synthesize the components of glomerular filtration barrier [1] . The damaged podocytes cause a decrease in the filtration capacity of the glomerulus, resulting in marked proteinuria. The immune complexes deposited in the subepithelial glomerulus in IMN patients are mainly IgG4 [2] - [4] .
IgG4 is a subclass of antibodies that is produced in response to prolonged and recurrent antigenic stimulations [5] , or to helminthic infections [6] . These antibodies are monovalent and have low avidity. IgG4 antibodies are unable to bind the complement, but they form small non-precipitating complexes [7] [8] . The serum levels of these antibodies are often increased in subjects affected by IMN [2] [3] .
IMN is a Th2 nephritogenic immune disorder. T helper lymphocytes, which are often increased in these patients, produce significantly more IL-4 [9] , whereas B lymphocytes generate more IgG4, than healthy individuals, when cultured in presence of IL-4 [10] . IL-4 is a major Th2 cytokine that induces the isotype switching towards IgG4 and IgE, this induction is potentiated by IL-10, another Th2 cytokine [11] - [13] .
The polymorphisms of IL-4 and IL-13 are already associated to the minimal change nephrotic syndrome (MCNS), a disorder of pediatric age characterized by an increase in IgE levels [14] . Moreover, genetic variants of STAT6, which transduces the signal through the IL-4 receptor alpha (IL-4Ralpha), are also linked to MCNS's clinical course [15] . Nevertheless, a direct correlation between IL-4 polymorphisms and IMN was never established.
Some authors indicated that the impaired immune response in IMN could be also related to the B cell compartment. In fact, there are also large infiltrates of B CD20 positive lymphocytes in tubule-interstitial compartment [16] . The role of these B cells in pathogenesis of the IMN is still unknown. B cells probably act as antigen presenting cells (APCs) rather than antibody producing cells. In fact Rituximab, an anti-CD20 antibody, is currently used in the treatment of the Membranous Nephropathy [17] [18] .
The cytokines are key factors in modulating the immune response and class switching of antibodies. Cytokines modulate the activity of T and B lymphocytes, regulate cellular activities and the response to pathogens. The polymorphisms in promoter regions of cytokine genes can influence the transcriptional and expression levels of these cytokines [19] - [23] .
Many research groups have established the link between these polymorphisms and various pathologies. For instance, the variant -572C of IL-6 gene and the polymorphism -308A of TNF-α and TNF d2 allele were associated to IMN in different ethnic groups [24] [25] . Moreover, it is demonstrated that TNF-α-308A can also cause Non Idiopathic Membranous Nephropathy [26] .
In this study we evaluated the association between polymorphisms in cytokine genes and IMN. We also evaluated the amount of Th1/Th2 cytokines in the serum and the urine collected before the therapeutic treatment. Finally, on the basis of the ratio of CD4/CD8 T lymphocytes, we analyzed whether there were differences in the frequencies of polymorphisms between patients and control group.
Materials and Methods

Subjects
For this study, one hundred twenty-four controls (Bone marrow donors), aged between 27 and 52 years (mean age 43.5; 70 male and 54 female) [27] and forty-five IMN patients, aged between 21 and 77 years (mean age 51.3; 26 male and 19 female) were enrolled.
Samples were collected at the Department of Nephrology and Immunology of Ospedali Riuniti of Bergamo, between October 2002 and May 2008. Physical examination, hematochemical and urine analysis, 24 h urinary collection, albumin, creatinine and cholesterol levels, 24 h creatinine clearance and daily urinary protein excretion have defined the diagnosis of membranous nephropathy (MN). The diagnosis was confirmed on renal biopsies with microscopic and immunofluorescence techniques. Clinical examination and laboratory data excluded the presence of other alterations that could define secondary membranous nephropathies. In fact these patients were negative for tumors, systemic lupus, viral hepatitis infections or other causes of MN like rheumatoid arthritis. These patients were negative for ANA (antinucleus antibodies), RF (Rheumatoid factor), Hepatitis B and Hepatitis C markers (HBsAg and anti-HCV).
Twenty-four healthy subjects were analyzed for cytokines levels evaluation in serum and urine. Informed consent was obtained from each participant, and the local ethics committee approved the present study.
Single Nucleotide Polymorphism Analysis by PCR-SSP (Sequence Specific Primers)
DNA was extracted from 300 μl of peripheral blood by automatic extractor GenoM PCR reaction was performed using Ampli Taq DNA polymerase 5 U/μl, (Applied Biosystems) in GeneAmp PCR System 9700 thermal cycler (Perkin Elmer) using following protocol: initial denaturation at 94˚C for 2 minutes; denaturation at 94˚C for 15 seconds; annealing and extension at 65˚C for 1 minute (10 cycles), denaturation at 94˚C for 15 seconds; annealing at 61˚C for 50 seconds; extension at 72˚C for 30 seconds (20 cycles).
Amplicons were visualized by electrophoresis on 2% agarose gel containing ethidium bromide 0.625 mg/ml.
Measurement of Cytokine Levels in Serum and Urine.
The levels of IL-4, IL-5, IL-10, TNF-α and IFN-γ were evaluated by ELISA (Bender MedSystems) with detection limit of 1, <2, 1, 2.5 and 1 pg/ml respectively. All samples were read in triplicate with an ELISA plate reader, Gralis-Microplate-Reader (Spa Laboratory Bouty). Serum and urine samples were collected before diagnosis and frozen at −80˚C until the analysis.
Flow Cytometry Analysis of Lymphocyte Subpopulations
Blood samples from patients were collected at the time of diagnosis and lymphocyte subpopulations were evaluated using FACSCalibur TM cytometer (Becton Dickinson). Whole blood was stained with the following antibodies: anti-CD3/CD4/CD8/CD45 and anti-CD3/CD19/CD16 + 56/CD45 (Becton Dickinson). All flow cytometric data were analyzed by FlowJo software 7.5. (TreeStar Inc.).
Statistical Analysis
The association between allelic or genotype frequencies and IMN was calculated through contingency tables 2 × 2 and 2 × 3 respectively, calculating χ² test. Cytokine levels, CD4/CD8 ratio comparison and protein daily excretion were analyzed by variance analysis and subsequent execution of the Bonferroni test. A p-value less than 0.05 was considered statistically significant.
Results
Allelic and Genotype Frequency of IL-4, IL-10 and TNF-α in IMN Patients
1) Allele frequency:
The allele frequencies for IL-4 -590T and -33T, were increased in patients when compared to healthy controls (p < 1 × 10 −6 , p < 1 × 10 −6 respectively). The distribution of TNF-α -308A allele was also statistically different between the two groups (p = 0.0001), (Table 1) . Whereas, for IL-10, the allele -1082G didn't show any differences in the two groups analyzed (p = 0.14), while the allele -819C was slightly increased in patients (p = 0.046), ( Table 1) .
Other analyzed polymorphisms didn't show any significant differences in the two groups (data not shown).
2) Genotype frequency The genotype distribution was significantly different for IL-4 T-590C, IL-4 T-33C, TNF-α G-308A and IL-10 G-1082A (Table 2 ) among the two groups. For IL-4 T-590C, genotypes TT, TC and CC were respectively 13.3%, 60% and 26.7% in patients vs. 2.4%, 9.6% and 88% in control subjects (p < 1 × 10 −6 ). For IL-4 T-33C the genotypes TT, TC, and CC were respectively 4.4%, 57.8% and 37.8% in patients vs. 2.5%, 15.3% and 82.2% in control subjects (p < 1 × 10 −6 ). Furthermore, for TNF-α G-308A, the genotypes AA, GA, and GG were present respectively in 6.7%, 35.5% and 57.8% of patients, compared to 3.3%, 9.7% and 87% of healthy subjects, (p = 0.0001). Finally, for IL-10, the genotypes GG, GA, and AA of G-1082A were respectively found in 31.1%, 35.6% and 33.6% of patients vs. 9.7%, 58.8% and 31.5% of healthy controls (p = 0.001). We did not find any significant differences in genotypes CC, CT, and TT for IL-10 C-819T, ( Table 2) .
CD4/CD8 Ratio in IMN Patients
The CD4/CD8 ratio is often increased in IMN, which likely represents a distinctive tract of the altered immune response associated to the pathogenesis of the disease [10] [28]- [31] . Hence, we calculated the CD4/CD8 ratio in 25 control subjects and 45 IMN patients. In control group the ratio was 1.54 +/− 0.23 whereas in IMN patients we identified two different subgroups, one with CD4/CD8 ratio greater than two (2.87 +/− 0.83, n = 24) and another subgroup with ratio less than two (1.51 +/− 0.3, n = 21). We did not find healthy controls with CD4/ CD8 ratio greater than two. The differences between the subgroup of patients with CD4/CD8 ratio > 2 was statistically significant when compared either to control subjects (1.54 +/− 0.23 vs. 2.87 +/− 0.83, p < 0.001) or the subgroup of patients with CD4/CD8 ratio < 2 (2.87 +/− 0.83 vs. 1.51 +/− 0.3, p < 0.001). On the other hand there was no statistical difference observed when the subgroup of patients with CD4/CD8 ratio < 2 was matched to control subjects (1.54 +/− 0.23 vs. 1.51 +/− 0.3, p = 0.15).
Allelic and Genotype Frequency of IL-10 in IMN Patients with Increased CD4/CD8 Ratio
In order to better investigate the meaning of CD4/CD8 ratio in IMN patients, we assessed it in relationship with cytokine polymorphism frequencies.
Our results showed that the variants G-1082A and C-819T for IL-10 is statistically increased in patients with CD4/CD8 ratio > 2 respect to healthy subjects (p = 0.005 and p = 0.011, respectively), ( Table 3) .
We also compared the group of patients with ratio CD4/CD8 > 2 to the group of patients with CD4/CD8 ratio < 2, for the same alleles.
The allele frequency for IL-10 -1082G was increased in group with CD4/CD8 >2 (p = 0.011), while there were no differences for −819C allele in the two subgroups of patients (p = 0.102), ( Table 3) .
The genotype frequency was also different between the subgroup of patients with CD4/CD8 ratio > 2 and healthy controls group. For IL-10 G-1082A, the genotype frequency of GG, GA, and AA was 37.5%, 50% and 12.5% in patients, while the frequency was 9.7%, 58.8% and 31.5% in healthy controls (p = 0.001). For IL-10 C-819T, the genotype frequency of CC, CT, and TT was 75%, 25% and 0% in patients, while the frequency was 48.5%, 39.5% and 12% in healthy controls (p = 0.034), (Table 4) .
Finally, we also compared the genotypes among the two subgroups of patients according to the CD4/CD8 ratio. The genotype frequency of GG, GA, and AA for IL-10 G-1082A was significantly different in two groups; 37.5%, 50% and 12.5% in CD4/CD8 > 2 subgroup and 23.8%, 19%, and 57.2% in CD4/CD8 < 2 subgroup, respectively (p = 0.006), ( Table 4) .
Cytokines Levels in Serum and Urine
We investigated cytokine levels in serum of both patients and healthy controls. The results showed only one significantly altered cytokine, i.e. IL-4. Its levels were 55.40 +/− 72.41 pg/ml in patients vs. 0.20 +/− 0.98 pg/ml in healthy controls (p = 0.001), (Table 5) .
Furthermore, cytokine levels in urine were altered for two cytokines. For IL-5 were 5.59 +/− 7.51 pg/ml vs. 0.00 +/− 0.00 pg/ml (p = 0.001); while IL-10 levels were 1.22 +/− 1.66 pg/ml vs. 0.00 +/− 0.00 pg/ml (p = 0.001), in patients and healthy control subjects, respectively, ( Table 6) .
Finally, the comparison between the subgroup of patients with ratio CD4/CD8 > 2 vs. CD4/CD8 < 2 subgroup, showed a significant difference for IL-10, in urine. Ten patients with ratio CD4/CD8 > 2, compared to eight pa- Table 3 . The allele frequencies for cytokine polymorphisms in IMN patients with ratio CD4/CD8 > 2 respect to healthy controls and respect to IMN patients with ratio CD4/CD8 < 2. (49) 12 (15) 75 (18) 25 (6) 0 (0) 52. Table 5 . Th1/Th2 cytokine levels in serum. tients with ratio CD4/CD8 < 2, had the levels of IL-10 to 1.87 +/− 1.62 pg/ml and 0.47 +/− 0.42 pg/ml, respectively, (p = 0.031). All the other cytokines evaluated were either normal when compared to control group, or under the detection limits of relative ELISA kit.
Association between Cytokine Polymorphisms and Clinical Data
The analysis of allele and genotype frequencies did not show significant differences when clinical data such as gender, age at onset, or other clinical complications collected during follow-up, were considered (data not shown). Instead, the analysis of the clinical parameters collected before treatment, showed a significant correlation, but only between proteinuria and the polymorphism T-590C of IL-4. Indeed, the genotypes TT, CT and CC had levels of proteinuria to 4.92 +/− 2.09, 3.74 +/− 1.31 and 3.0 +/− 0.81 g/day, respectively, (p = 0.022), (Figure  1(a) ).
For IL-4 T-33C, the proteinuria levels in TT, TC and CC were 4.75 +/− 0.63, 3.88 +/− 1.62 and 3.19 +/− 1.10 g/day, respectively, (p = not significant), (Figure 1(b) ).
However, we did not observe other correlations between polymorphisms investigated and other parameters such as albumin levels, cholesterol levels or creatinine clearance (data not shown).
Discussion
In this study, we revealed the association between polymorphisms in IL-4 (T-590C, T-33C) and in TNF-α (G-308A) and the development of IMN syndrome. In addition, in a subgroup of patients with increased T-helper lymphocytes, an association is shown between IL-10 polymorphisms G-1082A and C-819T and the disease. Furthermore, we showed that the cytokine levels of IL-4 in serum and IL-5 and IL-10 in urine are often increased in IMN patients.
These data are in agreement with the hypothesis that IMN is a Th2 type immune-mediated pathology. Some authors already described that T-helper lymphocytes of patients affected by IMN have increased production of IL-4 [9] and B lymphocytes, stimulated with IL-4, generate more IgG4 compared to healthy individuals [10] . In the latter study, the authors showed the increased expression of IL-10 and IL-13 in PBMCs, as well as an increase in CD4/CD8 ratio in patients.
The increased CD4/CD8 ratio in IMN represents the altered immune response associated to the pathogenesis of the disease [10] , [28] - [31] . We found that CD4/CD8 ratio was greater than two only in twenty four patients out of forty five. Nevertheless, in this subgroup, we observed the presence of two predominant polymorphisms of IL-10. IL-10 is one of the major Th2 cytokines, which acts on B lymphocytes stimulating the production of antibodies. In particular, this effect is further enhanced on B lymphocytes that are already IgG4 committed. In fact, in PBMCs stimulated with anti CD40 and IL-4, the addition of IL-10 increases IL-4 induced γ4 transcription and IgG4 production [11] - [13] . The most frequent allele of IL-10 in group of patients with CD4/CD8 ratio more than two was -1082G, which is associated to the increased production of IL-10 [20] [32] , in fact in this subgroup of patients the levels of IL-10, in the urine, were higher compared to patients with CD4/CD8 ratio less than two.
Therefore, in the group of patients with increased CD4/CD8 ratio, IL-10 can be related to the pathogenesis of IMN and it might represent a new insight in the pathogenesis of this disease, as well as its role has been shown in other kidney diseases [33] .
Moreover, IL-10 is a strong anti-inflammatory cytokine, which down regulates the production of TNF-α and the activity of APCs [34] - [36] . IL-10, as for TNF-α, is not only produced by Th2 lymphocytes but also by mo- nocytes and macrophages. It has been observed that inflammatory cells recruited to glomerulus and the visceral epithelial cells produce TNF-α in IMN [37] . In a similar way, IL-10 can also be produced in loco by the inflammatory cells recruited to the damaged glomerulus. Therefore, the presence of IL-10 in urine, but not in serum, can be partly explained as an effect of inflammatory response triggered by the presence of TNF-α. In agreement with this observation some authors described the presence of IL-10 in glomerular lesions, in patients affected with glomerulonephritis [38] . Likewise, IL-4 and IL-5 are both produced by Th2 lymphocytes. IL-4 is up regulated by peripheral T-helper cells in IMN [9] , demonstrating its' systemic origin rather than produced in loco after glomerular damage. However in some cases, it has been demonstrated that there are increased mRNA levels of IL-4 and IL-5 in renal biopsies from MN patients, giving an evidence of local origin of these cytokines at the site of inflammation [39] . So, our results for the presence of IL-4 in serum are in agreement with Masutani et al. [9] , while the presence of IL-5 in urine can be related to the immunological phenomena in glomerulus, as partly stated by Ifuku et al. [39] Nevertheless, these results confirm an injurious immune response due to T lymphocytes dysregulation in IMN pathogenesis.
The association between polymorphisms G-308A in TNF-α and IMN has already been described [25] [26]. Bantis C et al. [26] showed that the allele −308A was more frequent in patients affected by membranous glomerulonephritis. Likewise, the genotype distribution for genotypes GG, GA, and AA were also different. Similar results were shown by Tibaudin et al. [25] in IMN, where frequency of -308A allele was increased in patients. Nevertheless they did not suggest any significant and independent influence of different genotypes on diseases' progression. The increased levels of TNF-α in urine [40] - [42] and its expression in kidney cells [37] [40]- [42] of IMN affected patients, suggest a role of TNF-α in this syndrome. Hence, the presence of TNF-α together with IL-10 in urine emphasizes the significance of inflammatory processes and the role of TNF-α in the pathogenesis of IMN.
This role is more evident considering that the allele -308A of TNF-α is associated with a high expression of this cytokine [22] - [23] . TNF-α plays a role in the pathogenesis by contributing to the alterations of glomerular filtration barrier [43] . Besides, -308A allele of TNF-α is in linkage with HLA-B8/DR3 haplotype [44] , which is also associated to the development of IMN [45] . Recent studies have further shown that TNF-α polymorphisms increase susceptibility to develop other forms of kidney disease [46] .
The relevance of IL-4 (which is not in linkage disequilibrium with the MHC complex genes) and other Th2 cytokines is already described in the context of Minimal Change Nephrotic Syndrome, where the polymorphism T-590C of IL-4 [14] were more frequent in patients. Additionally, in some cases, the polymorphism T-590C of IL-4 is linked to the up regulation of this cytokine [19] . The potential role of this "high producer" genotype is also described in other Th2 mediated pathologies like atopic dermatitis, allergies and asthma. For example, our group described the association of T-590C polymorphism with asthma in the Italian population [27] and Kawashima et al. associated the same polymorphism with atopic dermatitis in the Japanese population [19] .
Furthermore, we found an increase in two polymorphisms of IL-4 in our cohort of patients, namely T-590C and T-33C, moreover, we showed that T-590 allele is also associated with a proteinuria increment.
Moreover, we observed increased levels of IL-4 in serum of patients with IMN. This observation was in agreement with Masutani et al. [9] who described an increase of Th2 lymphocytes in peripheral blood of IMN patients. The key role of IL-4 might be the induction of isotype switching towards IgG4 [10] , which is the main antibody subtype to accumulate in glomerular epithelium, causing the alterations and pathogenesis of this disease. The relevance of IL-4 has also been shown in other nephropathies. For example, Acharya B et al. described the association between minimal change nephrotic syndrome (MCNS) and C-590T polymorphism of IL-4 [14] . MCNS is the most common nephrotic syndrome in children and it is associated with proteinuria, hypogammaglobinemia, hypercholesterolemia and increased levels of IgE in serum. MCNS is also characterized by an aberrant immune response of T lymphocytes. Furthermore, factors derived from T cells are responsible for the alterations at glomerular barrier observed in this syndrome [47] - [50] . So, the same mechanisms can also be considered in the pathogenesis of IMN.
However, the association between the allele T-590 and the production of IL-4 remains questionable.
Li et al. have recently confirmed, through a study of meta-analysis, that the genotype -590TT is associated with an increase in the risk of developing allergic rhinitis. However, they have not shown a correlation between the serum level of IL-4 and allergic rhinitis [51] . While, Amirzargar et al. have shown that T-590 allele is associated with increased levels of IgE in vivo, as well as to the predisposition to asthma development [52] . The same correlation was observed in the cohort of asthmatic subjects by Smolnikova et al. In addition, here, the author shows that the T-590 allele of IL-4 is responsible for an increase in serum levels of IL-4 [53] , confirming what we have observed in our group of patients.
Conclusion
In conclusion, our results suggest that polymorphisms in cytokine genes, mainly IL-4, IL-10 and TNF-α can be associated to IMN, suggesting that this pathology can be considered as a complex disease and that multiple mechanisms might be involved in its pathogenesis. Moreover, to our knowledge, this is the first study to associate IL-4 polymorphisms in Italian population to the Idiopathic Membranous Nephropathy.
